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1 Background to the workshop  
The ICES Study Group on Modelling Physical-Biological Interactions (SGPBI) at its annual meeting (March 2003) in 
Chapel Hill, USA, decided to apply for a Working Group (WGPBI) status. As part of the continuing effort in the field 
of physical-biological interactions a Workshop was decided to be spun off to help identify key areas where existing 
techniques for modelling physical-biological interactions needed to be improved. F. Peters took the lead in this action 
and it was decided to convene a Workshop in Barcelona (Catalonia, Spain) in March 2004, immediately before the 
annual Working Group Meeting, with the title “Workshop on Future Directions in Modelling Physical-Biological 
Interactions [WKFDPBI]”. The findings of the Workshop would be reviewed and considered for incorporation into the 
strategic plan for the WG. 
2 Objectives 
The terms of reference for the Workshop were: 
  
A Workshop on Future Directions in Modelling Physical-Biological Interactions [WKFDPBI] (Co-Chairs: F. 
Peters, Spain, and C. Hannah, Canada) will be held in Barcelona, Spain, from 8–9 March 2004 to:  
 
a) review the current state of the art in several fields that require modelling physical-biological interactions and are 
relevant to ICES, e.g., fisheries recruitment, harmful algal blooms, eutrophication; 
b) identify the key areas where model improvements are required. 
 
WKFDPBI will report by 15 May 2004 for the attention of the Oceanography Committee.  
 
The objectives of the Workshop were stated as follows: 
The purpose of this Workshop is to identify key areas where existing techniques for modelling physical-biological 
interactions need to be improved or addressed. The Workshop should attract 25–40 participants. We will invite 
participation from different ICES Working Groups with an interest in physical-biological interactions (e.g., WGPE, 
WGZE, WGHABD, WGCCC, WKHABWATCH, PGNSP, and SGGOOS) and from groups such as GLOBEC, PICES 
and others. The Workshop will also promote lines of communication with modelling communities throughout the ICES 
Member Countries. 
The findings will be reviewed and considered for incorporation into the strategic plan for the WGPBI, ensuring 
that the workplan is consistent with the needs of the community. 
The workshop is aimed at a forum as open as possible to discuss the modelling of physical-biological interactions, 
with a special emphasis on the interactions. Target aspects include the interaction of planktonic organisms and 
processes with light, temperature, nutrient or food particle fields and hydrodynamics. Questions on how to address 
physical-biological interactions that occur over a range of spatial and temporal scales in models that have a 
regional/annual scope are greatly welcome as are modelling approaches to such issues (Eulerian versus Lagrangian, 
IBMs, inverse modelling, network analysis, statistical models, etc.). 
3 Organisation of the meeting 
The organisation of the Workshop started in May 2003.  At the same time, the European Union project NTAP (EVK3-
CT-2000-00022; Nutrient dynamics mediated through turbulence and plankton interactions; Coordinator: Cèlia 
Marrasé) was preparing a modelling workshop for sometime in early 2004 and it was agreed to merge the meetings. 
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 The members of the Scientific Advisory Committee for the Workshop were: 
 
• Wolfgang Fennel (Institut für Ostseeforschung, Warnemünde, Germany); 
• Charles Hannah (Bedford Institute of Oceanography, Dartmouth, Canada), co-Chair; 
• Cèlia Marrasé (Institut de Ciències del Mar, Barcelona, Spain) ; 
• Tom Osborn (The Johns Hopkins University, Baltimore, USA); 
• Francesc Peters (Institut de Ciències del Mar, Barcelona, Spain), co-Chair; 
• Einar Svendsen (Institut of Marine Research, Bergen, Norway); 
• Cisco Werner (University of North Carolina, Chapel Hill, USA). 
 
Four themes were proposed for the Workshop: 
 
• Session 1. Harmful algal blooms/Eutrophication; 
• Session 2. Ecosystem Integration and questions of scale; 
• Session 3. Fish stock recruitment; 
• Session 4. Modelling approaches. 
 
Each session would have a chair person and a Rapporteur who would moderate the session and spark discussion if 
needed. 
 
We wanted to: 
 
1) Have a short workshop; two to three days at most 
2) Have as many invited speakers as we could 
3) Have at length discussions for each session 
4) Have no parallel sessions 
 
These constrains resulted in a two-day Workshop, where each session would last for half a day and consisted of 3–4 
invited talks of 30 min. each and a one-hour discussion. All participants were invited to contribute posters. We allocated 
some time to view the posters and poster presentations were discussed along with the oral presentations during their 
corresponding discussion session. 
In order to have a successful workshop, leading scientists in the field of physical-biological interactions should be 
invited. 
The main criteria for invited speakers were their scientific excellence in the area of physical-biological 
interactions. We included experimentalists as well as modellers, and biologists as well as physicists. There was a 
preference for speakers from outside ICES and WGPBI since we wanted a broad spectrum of viewpoints. These criteria 
were modulated by secondary criteria such as gender balance and country representation. A prioritised list of speakers 
was completed by the Scientific Advisory Committee in September 2004 and the first round of letters of invitation were 
sent out by e-mail on 14 October 2004. A sample copy of the invitation letter can be found in Annex 1.  
After the ICES 91st Statutory Meeting we received notification on 17 November 2003 that the meeting was 
approved as an ICES Workshop (C.Res. 2003/2C02). 
Logistics (travel arrangements, meeting rooms, bags, badges, coffee breaks, conference dinner, e-mail room, 
abstract book, etc.) were most heavily dealt with starting December 2003. 
See further details of the meeting program, speakers, abstracts, list of participants, etc., in Annex 6. 
4 Funding 
F. Peters together with other Spanish scientists asked for support from the MCYT (Spanish Ministry of Science and 
Technology) to the CIRIT (Catalan Government Interdepartmental Commission on Research and Technology) and to 
the CSIC (Spanish Research Council). The CIRIT application did not come through. Dr Dolors Blasco, the director of 
the host institution ICM, CMIMA (Institut de Ciències del Mar, Centre Mediterrani d'Investigacions Marines i 
Ambientals), agreed to provide support in terms of facilities, meeting rooms, computer services and administrative 
issues. In addition, support was provided by the EU project NTAP. 
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 5 Workshop website  
Francesc Peters set up a Workshop website (http://www.icm.csic.es/wkpbi), hosted at the Institut de Ciències del Mar 
(ICM). The website included the aims of the workshop, the meeting program with the list of invited speakers, 
information on the meeting venue and accommodation, forms to register for the Workshop and to submit abstracts, and 
other information. Abstracts were posted on the web as they became available. Registrations and abstract submissions 
were automatically entered into a database, which, for instance, allowed for immediate updates of the list of 
participants. The website is being maintained after the Workshop and information of the publication of the proceedings 
can be found there. A current view of the website can be seen in Annex 2. 
6 Scientific presentations and discussion 
Session 1. Harmful algal blooms/Eutrophication. Rapporteur: Tom Osborn 
The first session examined the dynamics of harmful algal blooms and eutrophication. Dr Ted Smayda reviewed the 
evidence for increasing bloom frequency and coastal nutrient increases. He raised the questions of structural changes in 
the community, changes in stability of the community, and whether we are using the species information adequately. 
This latter point was reinforced by Dr Marta Estrada. She suggested that separating plankton into different types of 
‘strategies’ and functional groups will allow more successful prediction than trying to get the individual species. One 
important strategy is how plankton responds to the turbulence in the flow field. The difficulties of adequately sampling 
and describing the in-situ life cycle of the plankton were demonstrated by Dr Percy Donaghay. The thin layers of 
plankton, predators and prey, nutrients, and other parameters are a formidable challenge to sample. Without an accurate 
and appropriate description of the relation between predator and prey fields we cannot understand the processes and 
predict the population dynamics. Dr Paul Tett emphasised the intertwining of the physical and biological aspect of the 
problem. Model solutions require an integrated approach rather than a combination of two separate – biological and 
physical - models. 
Session 2. Ecosystem integration and questions of scale. Rapporteur: Wolfgang Fennel 
The talk of Dr J. Dippner dealt with the problem of how relatively simple cause-effect relationships between system 
properties (e.g., productivity) and climate variability (e.g., expressed by the NAO index) can be established to 
understand first order effects. While ecosystems obey intrinsically non-linear dynamics, which obscures predictability, 
there are apparently simple linear cause-effect chains, which can be expressed by mediators. However, it can be shown 
that for such simple explanations there are several causal pathways to relate effects to causes. Advanced three-
dimensional model systems can be used to shed light on the responses of marine ecosystems to climate variability. As a 
central recommendation it was stressed that existing models should intensely be used to address such questions. The 
talk of Dr J.L. Pelegrí examined how diffusive fluxes occur through a variety of processes at many spatial/temporal 
scales. He pointed out that the basic kinematic mechanisms are diapycnal transfer, epipycnal mixing, and epipycnal 
pumping, and emphasised that a proper understanding of these processes is necessary for predictive purposes. The 
contribution of Dr T. Neumann et al. showed applications of three-dimensional coupled physical-biological models of 
the Baltic Sea at different time scales, ranging from events (several days) to decades. It was shown that temporarily 
increased nutrient loads over a period of weeks can be described with simple NPZD-models, while decadal simulations 
require more sophisticated biogeochemical models. The great potential of such advanced model systems to conduct 
numerical experiments was demonstrated for the case of load reduction scenarios. 
During the general discussion a question was raised on the role biological oceanography will have in the process. 
The type of model system presented by Neumann et al. can serve as an interdisciplinary communication tool to develop 
common views between experimentalists and modellers and to identify the strengths and weaknesses of the models as 
more research needs are identified to fill knowledge gaps and support model improvements. It was stressed that the 
history of the development of such community models (i.e., models shared and jointly developed further by a 
community of scientists) highlights the significant potential of the step-by-step development of ‘community models’. 
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Session 3. Fish stock recruitment. Rapporteur: Charles Hannah 
Dr Pepin opened the session with a talk that focused on understanding the implications of the uncertainty in both 
models and data for interpreting the results of coupled biological-circulation models applied to larval fish growth and 
survival. As an example of the uncertainty in the data, in Trinity Bay (Newfoundland) sampling at 8 km intervals only 
captured 50% of the environmental variance. A key question is: Given the variability of prey concentration, what is the 
likelihood of observing a relationship between growth and prey availability? The models need estimates of the true 
probability distribution function (PDF) of all the variables that influence larval fish growth and survival. Dr Pepin also 
demonstrated from the observations that low mean growth rates were associated with high variance in growth and high 
mean growth rates were associated with low variance. This is in contrast to the common assumption that encounter rates 
follow Poisson statistics where the mean and variance are equal. Dr Pepin proposed three possible explanations: 
 
1) Patchiness is not random. 
2) Physiological buffering, i.e., growth has both an intrinsic component and a component subject to environmental 
variability.  
3) Differential saturation of the functional feeding response.  
 
At present it is not possible to distinguish between the possibilities. Dr Pepin recommended the development of data 
assimilation techniques for larval fish modelling and development of PDFs for the mean, median, and variance of the 
variables in the larval fish growth equations.  
Dr St. John motivated his talk with a brief review that demonstrated that all statistical relationships between 
recruitment and environment fail after publication. The key point was that most statistical relationships only consider 1 
or 2 controlling mechanisms and that recruitment, and groundfish recruitment in particular, has multiple controlling 
factors and big recruitment events occur 10-20 years apart. Thus there are very few events on which to base a statistical 
model. A second theme in the talk was that the ‘Mean larvae is a dead larvae’ and therefore one needs to focus on the 
‘characteristics of survivors’. Dr St. John then laid out a vision for the use of coupled physical-biological models in 
recruitment prediction. A crucial part of the vision was an ambitious observation program to collect the data required 
for validation of the circulation models and the biological models.  
The problem of simulating the transport of Calanus finmarchicus from the Norwegian Sea into the Barents Sea 
was addressed by Dr Slagstaad. The study was motivated by the observation that the import of Calanus into the Barents 
is 4 times the local production. The study used a circulation model, an ecosystem model (NPZ type) and a Calanus 
population model. A key feature of the model was the ability to start with an overwintering population of Calanus, have 
them exit diapause, reproduce and have the next overwintering population grow and develop in the virtual environment. 
The results showed large overwintering populations along the Norwegian Shelf break with the potential to be advected 
into the Barents. The transport into the Barents was controlled by the circulation, in particular the pressure gradient 
between the Barents and Norwegian Seas. The results also showed that strong coupling between the shelf and slope 
populations was an important factor in the Calanus life cycle.  
Dr Boyra discussed the problem of estimating the vertical distribution of anchovy and sardine eggs in the Bay of 
Biscay. This is important for fisheries management because of the proposed change in sampling of egg concentration 
from vertical sampling to continuous horizontal sampling at a fixed depth. The 1-d modelling has confirmed the 
importance of the adaptability of the egg buoyancy to the local environment. Comparison with vertical distribution data 
showed some improvement over the previous model and highlighted the difficulties modelling subsurface maximum in 
some environments. The importance of the work was reinforced by the poster by Magri et al., which addressed the same 
problem independently. 
There was a wide-ranging discussion of the implications of the statement that the average larva is a dead larvae, or 
equivalently that survival is a rare event. An important point was that fast growth does not imply survival. Ecological 
theory suggests that as food abundance increases animals will spend more energy on predator avoidance (and thus 
increase survival). Thus there is likely a trade off between survival and growth that confounds the search for simple 
relationships between growth rates and prey concentration. There is also the question of food abundance versus food 
quality. It was noted that in general, food quality dominates when food abundance is low. In addition, there is evidence 
for a relationship between food quality, as measured by essential fatty acids, and Calanus growth.  
On a more general note, it was remarked that rare events are not ergodic (i.e., one cannot replace ensemble 
averages with time averages). This reinforces Dr Pepin’s call to re-examine the statistical assumptions in many models.  
A second lively topic of discussion centred around three related questions: 1) Given that the system will always be 
under sampled in space, time, and trophic structure, what is the best way to proceed?; 2) What measurements do the 
modellers need? [to solve a particular problem]; and 3) Are there key observations that need to be made or should we 
focus on high density sampling in key areas to validate the models and then let the models do the extrapolation? There 
was no general resolution to these issues. However, it was clear that describing the space and time variability at scales 
smaller than those of even a highly focussed field program will be a key area of research. This issue was a common 
feature of talks in other sessions as well (e.g., Donaghay, Woods, Metcalfe).  
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 Session 4. Modelling approaches. Rapporteur: Cisco Werner 
Three modelling studies were presented. Dr John Woods discussed a “Virtual Ecology Workbench” (VEW3) wherein 
using a Lagrangian ensemble method, ecosystem levels can be addressed by examining individual-based formulations. 
The aim is to develop a modelling tool that is flexible, portable and allows researchers to ask questions about marine 
ecosystems within realistic physical environments. At present the model is one-dimensional in space, and is in the 
process of being extended to three-dimensions. Examples were shown of the importance to capture the interaction of 
individual life histories with the (physical and chemical/nutrient) environment. Dr Aisling Metcalfe presented results of 
a joint mesocosm-modelling research effort (NTAP). The results showed the response of the mesocosm to varying 
levels of nutrient enrichment and turbulence. It was found that increases in turbulence increased nutrient uptake rates by 
diatoms, decreased sedimentation of diatoms and increased the rate of consumption by meso-zooplankton. In the 
experiments and models the increases in diatom peaks outpaced the increase in zooplankton grazing suggesting a 
bottom-up control of the systems considered. Dr Christiane Lancelot discussed modelling approaches used in the study 
of harmful algal blooms (HABs) and coastal eutrophication in response to environmental changes (anthropogenic and 
climate induced). Results examining interannual blooms of Phaeocystis in the North Sea and particularly in response to 
river/nutrient discharges along the French and Belgian coasts were presented. Formal adjoint approaches were used to 
determine the model’s sensitivity to the (over 100) parameters and/or “weak points” and it was found that no parameters 
could be eliminated. In order to make additional advances, a plea was made for enhanced interactions with 
experimentalists and observationalists. 
There was general and strong enthusiasm for the advances made by modelling community. Models now are able to 
represent quite complex processes quite realistically. At the same time, the discussion also noted that there was a need 
for establishing methods for validating model results in general. Specifically, given the complexity of models, the need 
to collaborate with experimentalists and the mining of existing data sets was reinforced. Similarly, as models are now 
able to integrate over longer time scales (interannual and longer) the need to quantitatively couple with basin-scale 
models was expressed. The ability to quantify nutrient and species to-and-from the deep ocean onto the shelf was 
identified as needing to be studied. 
7 Publication of workshop proceedings 
The Scientific Advisory Committee for the Workshop on Future Directions in Modelling Physical-Biological 
Interactions has chosen to publish the proceedings of the workshop in a special issue of the Journal of Marine Systems. 
The idea is to have contributions from the invited speakers, the poster presenters, and one or two papers arising from the 
discussions at the meeting. All manuscripts should contain some new work and look into the future of the field. All 
manuscripts will go through the standard peer review process. The deadline for manuscript submissions is 31 August 
2004. The letter of invitation that was used to solicit contributions to the special volume is in Annex 3. 
8 Summation 
There are several general scientific points that can be drawn from the Workshop. 
 
1) There is an urgent need for experimentalists to provide guidance on how to organise organisms and groups of 
organisms into meaningful characteristic "organisms" amenable to parameterisation and incorporation into models. 
This includes information on when individuals rather than species need to be modelled and, extends the concept of 
functional groups to account for the fact that as the bio physical environment changes, the relative abundance of 
the species in the group may change and this will change the aggregated rate parameters. 
2) The need for a constant flux of information and feedback between experimentalists and modellers can not be 
stressed enough. 
3) The physical and biological aspects of environmental issues need to be addressed jointly, not separately. 
4) As more and more data is gathered world-wide, there is a growing need to have this data easily accessible through 
networked databases. At the same time the modelling community needs to further take advantage of already 
existing databases. 
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 5) Over large time scales, such as in climate change modelling, some ecosystem behaviour may be simplified into 
linear cause-effect relationships. 
6) Fisheries oceanographers are showing the importance of considering ecosystem factors dynamically to predict 
recruitment. 
7) Some issues such as thin layers, small-scale turbulence, and others, clearly require addressing time and space 
variability at much smaller scales than it is done today. 
8) Many researchers feel the need for a greater biological complexity  in models. This is a serious logistical problem 
for models that aim at a global scale or even for models aimed at regional and annual scales. Similarly to physical 
adaptive grids, an Adaptive Biological Complexity (ABC) grid concept is proposed to collapse the biological 
complexity when it is not needed and expand it at locations and times where it becomes relevant. Determining of 
the triggers for the automated collapse and expansion of the complexity should be an active area of research and 
development. 
9) As ecosystem models that include physical-biological interactions, become reasonably complex, they are starting 
to be used operationally. In order to make predictions with a higher certainly, the community should learn from 
meteorologists and use predictions from different models and model resolutions as part of an ensemble, or 
probabilistic, approach to prediction. 
10) There is a need to validate model results with observations, in both hindcast and forecast mode. Since there is little 
hope to exactly match observations with model output, probability distribution functions may be a way to quantify 
the agreement between models and observations. 
11) There is a need to be able to compare different models. A large effort should be made to establish standardised 
datasets (real or artificial) that models can use and results be compared. 
 
 
The response of the scientific community to the Workshop in terms of the number and quality of participants went well 
beyond the organisers' expectations. Feedback from the participants (see web page) shows they found the meeting very 
useful in advancing science and the discussions thought provoking. This is a success in itself. The main motivation of 
WGPBI for proposing this Workshop was that the quality and spectrum of presentations and the discussions would help 
identify key issues to be incorporated into the strategic plan of the WG. An additional benefit has been that, through the 
Workshop, WGPBI has gained more international exposure and awareness and membership has increased. The WG is 
now better prepared to continue its task of recommending further work and sponsoring actions in the field of modelling 
physical-biological interactions. 
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Annex 3 Copy of letter to invite contributions to the special volume 
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 Annex 4 Meeting statistics 
 
The meeting had a registration of 88 people, of which 3 did not show up. Twenty participants were from the host 
institution. Participants represented institutions from 15 different countries, plus two more nations (Catalonia and 
Scotland). Nine participants were from North America. 
There were 15 invited speakers, although Dr Laurent Seuront had to cancel at the last minute owing to family 
health reasons. The travel and lodging expenses of 9 speakers were covered by the organisation. Three invited speakers 
were female. There were 30 contributed poster presentations. 
Four computers (mainly for e-mail) were available exclusively for WKFDPBI participants. 
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 Annex 5  Report writing 
Peters, Francesc 
Institut de Ciències del Mar, CMIMA (CSIC), Pg. Marítim de la Barceloneta 37-49, 08003, Barcelona, Catalunya, 
Spain. 
E-mail : cesc@icm.csic.es 
 
Hannah, Charles 
Bedford Institute of Oceanography, Box 1006, B2Y4A2, Dartmouth, Nova Scotia, Canada 
E-mail: HannahC@mar.dfo-mpo.gc.ca 
 
Fennel, Wolfgang 
Baltic Sea Research Institute, Seestr. 15, 18119, Rostock, Germany  
E-mail: wolfgang.fennel@io-warnemuende.de 
 
Osborn, Thomas R 
The Johns Hopkins University, 34400 N Charles St, 21218, Baltimore, MD, U.S.A.  
E-mail: osborn@jhu.edu 
 
Werner, Francisco E 
Univ. North Carolina, 12-7 Venable Hall, Marine Sciences Dept, 27599-3300, Chapel Hill, NC, U.S.A. 
E-mail: cisco@unc.edu 
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